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MN KLIHYAM REPOWER PROJECT

Background

BHP Billiton LNG International, Inc. (BHP) is proposing to build a LNG importation
terminal located in Federal waters approximately 14 miles off the Coast of Ventura
County. The terminal consists of a Floating Storage and Regasification Unit (FSRU)
which is used to store and vaporize liquefied natural gas (LNG). LNG delivered from
LNG carriers is offloaded to the FSRU, stored until needed and then regasified. Gas is
then transported via two parallel 24-inch pipelines to an onshore facility at Ormand
Beach near Oxnard in Ventura County. The project location is 2.06 nautical miles from
the edge of shipping channel.

BHP has offered to mitigate the proposed project's NOx emissions by funding engine
conversions for third party marine vessels operated along the California Coast. This
report identifies one of these vessels, the MN Klihyam, and documents the anticipated
emission reductions as a result of the engine repowering as well as the areas where the
anticipated emission reductions are expected to occur.

Proposed Mitigation Project
Project

Repower the line haul tug boat M/V Klihyam operated by Sause Brothers, Inc. with low-
NOXx engines.

MN Klihyam Details
MN Klihyam details are as follows:

Official number 1084928

Gross tonnage 197
Net tonnage 134
Length 114'9.5"

M/V Klihyam Baseline (i.e., Existing) Engines

The M/V Klihyam utilizes two engines for propulsion. Both are Electro-Motive Diesel
(EMD) 16-645E6 engines which generate 1,950 h.p. at 900 rpm. The model numbers for
each engine are stated below:

S/N Port 81-H1-1055, MY 1981
S/N Starboard 82-M2-1008, MY 1982



P

Project Description

Sause Brothers, Inc. uses the line haul tug M/V Klihyam primarily to tow the barge
Sunset Bay from Richmond to Los Angeles. References to Los Angeles are intended to
also include Long Beach and El Segundo. The vessel also occasionally makes trip into
Martinez, Benicia, and San Francisco. Sunset Bay barge hauls petroleum products and is
equipped with a vapor recovery system. Sunset Bay gencrators and engines already
comply with USEPA Tier II emission limits.

Sause Brothers took over this line haul run in December 2004 and began operation on
December 28, 2004. Prior to Sause operation, the service was being provided by
Crowley Maritime. Sause Brothers is using the M/V Klihyam for this operation with a
combined total horsepower of 3,900.

Engine Repower

The engine repower project consists of replacing M/V Klihyam’s existing diesel
propulsion engines (dual EMD12-645E6 engines) with new low-emissions EMD8-
710G7B diesel propulsion engines. The 8-710G7B engines are rated at 2,000 h.p. each at
900 rpm. 8-710G7B engines are electronically controlled while the 12-645E6 engines
are mechanically controlled. The electronic controls ensure more precise operation and



lower emissions per brake horsepower-hour (bhp-hr). Additionally 8-710G7B engines
are more fuel efficient compared to the existing 12-645E6 engines.

Emission Reduction Calculations and Documentation
a. Historical Operation

M/V Klihyam began operation on December 28, 2004, towing petroleum barge
Sunset Bay. Therefore, the evaluation of operating history is limited to this time as
the previous route operator's records are not available for inspection. The review
consisted of both reviewing the fuel logs and reviewing the trip logs.

The fuel logs document that in 2005 a total of 553,742 gallons of diesel was burned
in MN Klihyam. This amount includes 40,000 gallons that was purchased in late
December 2004. M/V Klihyam took on 71,000 gallons of fuel on Dec 14, 2004, the
majority of which was consumed in January 2005 when the revenue service operation
began. OceanAir has conservatively considered only 40,000 gallons out of the
71,000 gallons of fuel to have been burned in January 2005. A summary of the fuel
logs is presented in Section D of Attachment A.

The trip logs document that M/V Klihyam took a total of 270 trips. Of this total, 43
were line haul trips (inter-coastal), 144 trips occurred locally within the Los Angeles,
El Segundo and Long Beach area, and 83 trips occurred locally within the Richmond,
San Francisco, Martinez, Benicia, and Rodeo area. Copies of the actual trip logs are
included in Attachment B and a summary of the trip routes, along with distances and
trip time, are presented in Section E of Attachment A.

b. Emission Reduction Calculation Formula

In order to calculate the emission reductions attributable to the MN Klihyam engine
repower, OceanAir utilized the equation memorialized in South Coast AQMD Rule
1631(f). Rule 1631 established a program for the generation of mobile source
emission reduction credits (MSERCs) through the repowering of diesel-fueled marine
vessels. This rule was the subject of prolonged discussion between US EPA Region
9, South Coast AQMD and various stakeholders. This effort generated a rule that
took into account multiple perspectives while ensuring a reasonably conservative
means of MSERC calculation. This rule has been approved by EPA as part of the
California State Implementation Plan. As a result, Rule 1631 is uniquely appropriate
for the calculation of the anticipated emission reductions attributable to this marine
engine repower project.

Consistent with Rule 1631, the emission reductions attributable to the repowering of
MN Klihyam were quantified using the following equation:

ERminyam = (EFbase-EFrepower) x ECF x Fuel Burn /454/2000



Where:
EFbase  Baseline Emission Factor (gms/bhp-hr)
EF repower = Repower Emission Factor (gms/bhp-hr)
ECF = Energy Consumption Factor (bhp-hr/gal)

The basis for each of these variables is explained below.
c. Baseline Emission Factor (Erbase)

The baseline emission factor for NOx was taken from 1992 emissions information by
EMD, the engine manufacturer, for the 16-645 roots blown engine type. A copy of this
specification sheet is included as Attachment C. The PM emission factor was taken from
off-road default information for the model year.

d. Repower Emission Factor errepower)

The repower emission factors were based on the Tier 2 emission limits. As
documentation of compliance with these limits, OceanAir has included as Attachment D
EMD's Certificate of Conformity.

e. Energy Consumption Factor (ECF)

The Energy Consumption Factor was derived from information in the EPA 2006 Model
Year Certificate of Conformity. Specifically, the brake specific fuel consumption (bsfc)
is identified in the Certificate of Conformity Propeller Cube Curve as 0.314 Ib/bhp-hr at
900 rpm. At a fuel density of 7.1 Ib/gallon, the ECF calculates to 22.61 bhp-hr/gal. This
calculation is shown in Section C of Attachment A.

f. Emission Reduction Calculations

Based on the formula and variables identified above, OceanAir calculated the emission
reductions anticipated to result from the repowering of the M/V Klihyam. Details for this
calculation are shown in Section C of Attachment A. In total, it is projected that as a
result of the MN Klihyam engine repower project NOx emissions in California Coastal
Waters will be reduced by 138.71 tons per year and that particulate emissions will be
reduced by 4.52 tons per year. Emission reductions by segment and by air district are
presented in Sections C.1 and C.2 of Attachment A.



ATTACHMENT A
M/V KLIHYAM
EMISSION REDUCTION SUMMARY
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ATTACHMENT B
M/V KLIHYAM
TRIP LOGS
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ATTACHMENT C
ELECTRO-MOTIVE DIESEL
EMISSIONS DATA SHEET




Sent By: Southwest Research Institute; 210 212 B887; May-3-08 2:14PM; Page /4
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ErD 2ZND FLR SRLES TEL: §1~708-387-5845 Feb 14,92 10:52 No.00& P,Q

EMO EVGing

BLECTRO-MOYIVE
LaGrangoe, ¥lliooizn GO5ZH
How Fax Number: 708/387-50456
{ocation: Sslen Dept. - Znd Floor (West Evd)

JELEFAYL LOMEBIICATIONS

DATE: 214092 TIME: 10:30 AM
T Yalley Dotrolit Moesel FEo: J. ¥, Sebuck
g1 Cajon, CA - EMD-FPowor Products
ATH: John Milkie . .
FAX: E1D/ 4476558 ¥AX: T08/337~5845
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Folleowing thix cover pade, there will bs 1 page(s)
transmitted (SEE MESSAGE EELOW). IT problems ¢ccur in
transmizsioca or all pages 4rTe not rmceived, pleuse contact
us at 708/367-84841 . -
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SUBJRTT: VDDA/Crowloy Maritime
Beguest for Exhaust Feoizsions

BEF: 212752 Fax from Ed Schluester

In asoexdance with the roferenced telefax, tho
following eniasions data akal)l pertain:

Bnaine T Box o ~.e e 0%

20-B45RE 3600 12,3z T .42 .82
18-645B% 2875 1z.4 .90 .29 i 4
12-84SKS 2150 13.2 B3 .37 . .84
8~G45RS 1450 12.3¢ .72 .31 .87
1664582 1950 15.2 2.€9 69 oL
12-64S%2 1500 16.0 1.20 40 .80
8-B4SE2 1050 17.15 2.10 .40 .90

* Based upon fuel aversging .2EX sulfur

A deseription of the smisxions fnstrumentatiom 3s attached.

/@/ z%&

Power Products Salen



ATTACHMENT D
ELECTRO-MOTIVE DIESEL
TIER 2 CERTIFICATE OF CONFORMITY




ELECTRG MOT? VE 9301 West 55% Street

LaGraunge, I1. 60525 USA

Tel: 708.387.5884

Mobile: 708.716.1480

Fax: 708.387.5845
robert.e.spicer@emdiesels.com

US EPA ISSUES MARINE TIER 2 CERTIFICATE OF CONFORMITY
‘ applicable to
EMD SERIES 710G7C-T2 ENGINE FAMILY

Electro-Motive Diesel, Inc. (EMD) is pleased to announce the United States
Environmental Protection Agency (US EPA) has issued a 2006 Mode! Year Tier 2
emissions Certificate of Conformity to EMD for our Series 710G7C-T2 family of diesel
marine engines in accordance with the standards of 40 CFR 94.

The US EPA Marine Tier 2 Certificate of Conformity applies to

« EMD Series 710G7C-T2 Engine Family, including:

8-cylinder 2000 BHP @ 900 RPM
12-cylinder "~ 3000 BHP @ 900 RPM
16-cylinder 4000 BHP @ 800 RPM
20-cylinder 5000 BHP @ 900 RPM

rating shown above are Continuous wi e overload available
(All rating sh b Conti ith 10% overload availabl

» Duty Cycles for the complete 710G7C-T2 Engine Family, including:

o Table B-1(IMOE3) Variable Speed Fixed-Pitch Prop @900 RPM
o Table B-2 (IMOE2) Constant Speed Propulsion @900 RPM
o Table B-3(IMO C1)  Variable Speed Variable-Pitch Prop @900 RPM
o Table B-1(IMOE3) Variable Speed Fixed-Pitch Prop @800 RPM

The EMD Series 710G7C-T2 Family of engines meet the not-to-exceed (NTE) zone
requirements of 40 CFR 94.8(e) when operated under all conditions which may
reasonably be expected to be encountered in normal operation and use.

A copy of the US EPA Certificate of Conformity is enclosed for reference.

Please contact the writer with any questions regarding this subject.

=

Robert E. Spicer
Business Manager
Power Products

Issyed: Aprit 21, 2008



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, DC 20460

2008 Model Year Certificate of Conformity

Manufacturer: ELECTRO-MOTIVE DIESEL, INC.
Marine Diesel Engine Family: 6EMDM8710GT2

'Certificate Number; EMD-MCI-06.04

THCHNOx FEL: N/A

PMFEL: N/A

Date Issued: APR 1 9 72008

Kafl J. Simon, Actfag Director
Comipliance and finovative Strategies Division
Office of Transportation and Air Quality

Pursuant te Section 213 of the Clean Air Act (42U.8.C. section 7547) and 40 CFR 94, and subject to the terms
and conditions prescribed in those provisions, this certificate of conformity is hereby issued with respect to the
test engines which have been found to conform to applicable requirements and which represent the following
marine engines, by engine family, more fully described in the decumentation required by 40 CFR Part 94 and
produced in the stated model year, This certificate of conformity covers only those new marine compressicn-
ignition engines which conform in ali material respects to the design specifications that applied to those engines
described in the documentation required by 40 CFR Part 94 and which are produced during the model year
stated on this certificate of the said manufacturer, as defined in 40 CFR Part 94. This certificate of conformity
does not cover marine engines imported prior to the effective date of the certificate,

It is a term of this certificate that the manufacturer shall consent to all inspections described in 40 CFR 94.215
and 94.504 and authorized in 2 warrant or court order. Failure to comply with the requirements of such a
warrant or court order may lead to revocation or suspension of this certificate for reasons specified in 40 CFR
Part 94, It is also a term of this certificate that this certificate may be revoked or suspended or rendered void ab
initio for other reasons specified in 40 CFR Part 94.

This certificate does not cover marine engines sold, offered for sale, or introduced, or delivered for
introduction, into commerce in the U.S. prior to the effective date of the certificate.
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ATTACHMENT E
ELECTRO-MOTIVE DIESEL
645 AND 710 SERIES DIESEL ENGINE SPECIFICATIONS




# Marine Propulsion

- . Electric Cenerating Plants

5 -In dqs'&ig: ?chr Umfg ;

 Offshore Well Drilling.

. o PowerShoveland -+ -
Dragling Applications.”

o Land Qt;iliéthigs

e Dredging

e
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of engines is available in
212~ and 16-cylinder
s blown and 8-, 12,
and 20-cylinder
urbocharged models.

he horsepower ranges
800 to 5000.
More than half
entury of engine
esign experience has
made Electro-Motive
 feader in the develop-
ent of diesel motive
wer. Electro-Motive
he only diesel engine
anufacturer of its size
o:have produced more
n 65,000 engines.

is success stems from
roduct reliability,
ervice ability, load
eptance capability,
w operating costs and
1se of maintenance

h standardized
ompoaems

M/EMD Diesel Engines

General Data — Commaon to both 645 and
710 Series Diesel Engines

Type 2 cycle—45° Ven
Crankcase and ofl pan

sonstrustion Welded steel
Cylinder air injst Ports in cylinder liner
Exhaust Four valves in oylinder faad
Pisten cooling Qii-direct pressure stream
Main bearing lubrication Full pressure

Lube oit pumps
displacemsnt, helical gear type

Main ofl, piston cooling, scavenging englne driven, positive

Engine pverspeed trip Cantrifugal—Ingdependent of Governor

Governor Woodward*

Fuel supply pump Positive displacement, engine driven

Fuel injectors GM unit injectors—needie valve

Engine starting Alr motor*

Engire cooling water pumps Engine driven—centrifugal

Crankpin diamster § % inches {165.10 mm)

Piston pin diameter 3.68 inches (93,47 mm)

Rotation facing tha flywheel Counterslockwise*

“Options Avaltable

Data Applicable to Specific Engine Series

645 Serles Engines

71 Series Engines

9 #%s x 10 inches
{230.19 x 254.00 mm)

Bore x stroke

8 ¥ x 11 inches
{230.18 x 279.40 mm}

Displacement per cylinder 645 cubic inches (10.57 liters)

710 cubie inches {11.64 liters)

1260 W/min (381 m/min) at 750 rpm

Piston speed
1500 f¥/min {457.2 m/min} at 900 rpm

1375 fmin (412 m/min) at 750 rpm
1653 ft/min (603 m/min) at 800 rom

Crankshaft main bearing diameter

7 ¥ inches {190.5 mm) B ¥ Inches (215.9 mm}

Data Applicable to Specific Engine Model Numbers

Roots Blower

Engina Modst 8-645E 12-645E 18-645E

Number of Cylindzrs 8 12 1B

Compression Ratio 18:1 181 18:1

BMEP @ 900 RFM (PSH) 80 85 80

Numbar of Main Bearings 5 7 1

Number ¢f Engine Blowers 1 2 2

Type Roots Type-Helical Lobes  Roots Type-Helical Lobes Roots Type-Helica! Lobes

Griven by Engire Gears Engine Gaars Engine Gsars?
Turbocharged

Engine Model 8-645F8  12-B45FB  15-645F8 20-645FB 8-710GB 12-71CGB 16-710GB 20-710GB

Number of Cylinders 8 12 18 20 8 12 16 20

Compression Ratio 16:1 16:1 161 181 161 1601 161 1601

BMEP @ B00 RPM {PSh) 130 145 145 136 155 155 158 155

Rumber of Main Bearings 5 7 10 12 5 7 10 12

Nurher of Turbochargers 1 1 1 ¥ 1 1 1 1

Type £l L2 * * * * * &

Driven by + + ¥ + + + +

*gentritugal Flow

+Exhaust Gas and/or Engine Gears Through an Over-Running Clwich




rine Propulsion and Generating Units

Marine Equipment Sets (ME) for Marine Propulsion Units
(ABS Ratings)*

£00 RPM Ratlings 944 8PM Ralings
Marine
) Drive Englne Engine Engine Engine Engine
o ) Mode! No. Madel BHP KW BHP KW
cmplete line of Rools Blown
LhAL) CNgINeS 15 MEBEE  B-645LD N . 1050 785
lable to meet WEi2E3 12-645E6 - - 1500 120
ents for marine  grErEE 16-645E6 . - 2100 1585
ision and marine Tarbocharged
or set applica- MESF78 #-645F78 1525 1137 700 7265
WMETSF7B {2-845F78 2305 1720 5550 1900
METGE/B 16-645F78 3150 2349 3505 7610
ME20F7B 20-6A5FTB 3600 2685 4000 885
r or generator MESGTE - 8-710G7B 1760 1310 2000 1500
ac“‘-‘ss‘”‘*ﬁs is avail- MEI2G7B 12-710G78 2625 1860 3000 7240
MEI6G7B 16-710G7B 3595 9698 4000 2985
MEZ20G7B 20-710G78 4400 3310 5000 373G

WOT) TS Marine Equipment Sets (ME) for Generator Set Units
ilable without (ABS Ratings)*

untmg for direct

jon to the vessel Gensgrator Set Continuous Eentinuous
Modef Na. Engire Model Qutput Qutput
B0 Hz-508 RPW 50 Hz-758 RPM

Roals Blown
MESES 8-645E6 745 kW 570 kW
Jith two, three or four WE12E6 12-645E6 1075 kW 865 kW
s driving a com- ME1EEB 16-645E6 1500 kW 1210 kW

n-reverse-reduction Turbocharged

ar A straight reduc.  MEGF/D B-B45F78 1210 kW 1070 W
tion gear is available WET2F78 12645778 1825 W 1530 kW
ntrollable pitch ~ MEIBFT8 T5-646778 2500 kW 5100 kW
spellers are required.,  MEZOFTB 20-645778 2666 kW 3580 kWY
i WMEBG7B 8-710G78 1440 kW 1200 kW
ME12G78 12-710678 2150 kw 1790 kW
ME16GT7E 16-710G78 2865 kW 2385 kW
ME20GTE 20-110G7E 3550 kW 2080 kw

* Subbase, controls and cusiomized final assembly furaished by EMD authorized Power
Products Distributors worldwide,

4
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DATA SHEET
M/V KLIHYAM O.N. 1084928
3800 HP TWIN SCREW TUG
WITH FIXED NOZZLES AND QUAD RUDDERS

The vessel is a double chine, welded steel, twin screw tugboat. The vessel has seven transverse air tight
and water tight bulkheads below main deck. Designed and built in accordance with ABS rules for ccean

- towing service. The vessel carries a USCG load line with a summer free board assignment of 3 - 5/16”,
The vessel was completed in 2004 by Southem Oregon Marine of Coos Bay, OR.

PRINCIPLE CHARACTERISTICS

Length (reg) - 4 -g1i2" Net Tons - 134 ITC 145
Length (oa) - 1290t Gross Tons - 18740 iITC 485
Breadth (mld) - 34 F.0. Capacity - 120,000 gal
Depth (mid) - 19107 F.W. Capacity - 10.000 gal
Draft (max) - g0 L.O. Capacity - 2500 gai
Displ (SLL) - G8BL. T, Botlard Puil - 120.000 tbs.

MACHINERY \

Main Engine - (2} EMD 16-845-E86; 1850 HP & 900 rpm

Rev/Red Gear - (2) Reintjes hydraulic Mode! WAF 1961 5:1:1 ratio

Prop Shafts - 12" dia with oil lub bearings

Propeliers - 3 blade R/L outhd turning 114" X 112" in nozzles

Aux Gen sets John Deere 99 kw each @ 1800 rpm 480v

DECK MACHINERY ‘
Tow Winch - Intercon Model 225 double drum and gypsy with capstan

Wire Capacily - (2) 26800 2 1/4" dia W.R,

Line Pull = 120,000 ibs. at 25 to 200 fpm

Power - John Deere 6068TA w/ Funk series 2000 tq converter and 3 speed trans.
Bow Winch - McEiroy Model 528 (1 1/8" wire) w/ 2 capstans
MISCELLANEOUS

Propulsion Controis - {4) atation Mathers air controls

Air Compressors - {2) Quincy model 340 10 WP

Steering - (2} full redundant systems each with (2) 20 HP Motors
Adarm System - Harris all functions

Air Conditioning - Climate control all spaces

Fenders - Bow pud; D-rubber side fenders

Tow Pins - £ pin SOMAR hydrauic

SAFETY & NAVIGATION QUTFIT CALL SIGN

Radar - {3) Furuno long and short

Radio - (2)VHF's (2)S5B

GPs - Furuno RD 30

Fathometer - Data marine sounder

Lifa Raft - 10 man inflatable Eliot

Auto Filot - Comnav 5000

Satellite Compass -  Furuno §C 120
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